ABSTRACT. More frequent drought is projected for California. As water supplies constrict, and urban growth and out-migration spread to rural areas, trade-offs in water use for agriculture, biodiversity conservation, fire hazard reduction, residential development, and quality of life will be exacerbated. The California Black Rail (Laterallus jamaicensis coturniculus), state listed as "Threatened," depends on leaks from antiquated irrigation district irrigation systems for much of its remnant small wetland habitat in the north central Sierra Nevada foothills. Residents of the 1295 km² foothill habitat distribution of the Black Rail were surveyed about water use. Results show that the most Black Rail habitat is owned by those purchasing water to irrigate pasture, a use that commonly creates wetlands from leaks and tailwater. Promoting wildlife, agricultural production, and preventing wildfire are common resident goals that call for abundant and inexpensive water; social and economic pressures encourage reduction in water use and the repair of leaks that benefit wildlife and greenery. Broad inflexible state interventions to curtail water use are likely to create a multitude of unintended consequences, including loss of biodiversity and environmental quality, and alienation of residents as valued ecosystem services literally dry up. Adaptive and proactive policies are needed that consider the linkages in the social-ecological system, are sensitive to local conditions, prevent landscape dewatering, and recognize the beneficial use of water to support ecosystem services such as wildlife habitat. Much Black Rail habitat is anthropogenic, created at the nexus of local governance, plentiful water, agricultural practices, historical events, and changing land uses. This history should be recognized and leveraged rather than ignored in a rush to "save" water by unraveling the social-ecological system that created the landscape. Policy and governance needs to identify and prioritize habitat areas to maintain during drought.
INTRODUCTION
On 17 January 2015, in the midst of California's fourth consecutive dry winter, Governor Jerry Brown declared a drought state of emergency and asked everyone in the state to voluntarily reduce water use by 20% (State of California 2014). California's 2014 and 2015 water years, which ended 30 September 2015, were the warmest years in 119 years of record keeping (USGS 2015) . On 1 April 2015, the Governor issued an Executive Order that, for the first time in state history, required the State Water Resource Control Board (SWRCB) to enforce a 25% reduction in water use for cities and towns (State of California 2015) . Unfortunately, this unprecedented drought is probably a harbinger of things to come because climate change is likely to increase the frequency and severity of drought in the future (Polade et al. 2014 , Byrd et al. 2015 . In the foothill communities of the Sierra Nevada, the immediate impacts of the four-year drought included water thefts, early livestock sales, and yet another deadly and expensive wildfire season. In the long term, valuable ecosystem services, including wetland bird habitats, are at risk of loss because of the interaction of water policy and the social-ecological system providing such services.
Summer means months without rain in most of California. In addition to numerous federal and state water projects, the state has 1286 water special districts, including the irrigation districts in the central Sierran foothills. They were formed in the late 19th and early 20th centuries by farmers and ranchers to provide summer irrigation. Each has a diverse set of histories, purposes, governance structures, and financing mechanisms (CA-LAO 2002) , but all are mandated to efficiently convey water to users as a top priority. The main source of water is the snowpack of the Sierra Nevada.
Irrigation districts control much of the surface water in the foothills. Mostly they deliver nonpotable irrigation water, but there is growing demand for potable water for households, and districts increasingly supply it, using different infrastructure. Recent state restrictions on water use have so far mostly targeted nonagricultural uses, but there has been increasing political pressure from urban areas to reduce agricultural use. Though the rural irrigation districts in our study area do not serve major metropolitan areas, water not used for local agriculture may reach thirsty urban areas through water sales or runoff to major rivers, putting further pressure on rural districts to conserve.
In western agricultural landscapes, irrigation systems and wildlife are most often positioned as competing for limited water resources. However, irrigation systems can provide multiple ecosystem services, particularly in arid ecosystems. Traditional agricultural systems may enhance vegetative cover and diversity, create wildlife habitat, recharge shallow aquifers, sequester carbon, improve air and water quality, retain storm-water flow, and control flooding (Fleming et al. 2014) . Habitat may be created by leakage and by "return flow," the recharging of groundwater by water used for agriculture. Water may be used more than once as it flows into the ground from irrigation high in the hills and emerges again at lower elevations in creeks, seeps, and springs (Peck and Levvorn 2001 , Weiner et al. 2008 , Welsh et al. 2013 .
Studies have shown that leaks from canals and other irrigation infrastructure can provide significant water to wetlands and springs up to 2 km away (Sueltenfuss et al. 2013) . The impacts of irrigation projects on the Colorado Front Range have been described as creating a "pond-spotted, greened-up, highlyenriched new urban-suburban peri-urban landscape" where "the human-created riparian/creekside/ditchside environments may now be more extensive than the natural riparian areas ever were" (Weiner et al. 2008:20) .
In the northcentral Sierra foothills, the landscape has become similarly spotted with ponds, wetlands, and other water features. Irrigation districts often rely on leaky Gold Rush era (1849) canals and wooden flumes to bring water down from community constructed reservoirs high up in the mountains. As much as half of the water flowing through a canal may escape through its earthen floors and walls (Luckey and Cannia 2006) , often to emerge in seeps and springs downhill, creating green areas and wildlife habitat. Additionally, residents use water from wells, creeks, and other sources, spreading water on the landscape for various purposes and creating wet spots.
The California Black Rail (Laterallus jamaicensis coturniculus; hereafter Black Rail), is a small, secretive wetland bird first discovered in the Sierra foothills in 1994 (Aigner et al. 1995) , although genetic evidence suggests a historical presence in the region (Girard et al. 2010 ). This species is listed in California as "Threatened" and primarily occurs in large wetlands (typically > 100 ha) in the San Francisco Bay estuary (Richmond et al. 2008 ). In the Sierra foothills, however, the Black Rail mostly inhabits small wetlands (median = 0.67 ha) along a midelevational strip of oak woodlands and grasslands in Yuba and Nevada counties (Fig. 1) . The Black Rail depends on small wetlands, preferring grassy areas with perennial shallow flowing water (Fig. 2) . Wetlands most frequently occupied by Black Rails are found on properties that have irrigation infrastructure, specifically pipes, canals, and irrigated pasture (Richmond et al. 2008 (Richmond et al. , 2010 . The anthropogenic wetlands are also used by other water-dependent species of plants and animals. They dry out when a leaky pipe is fixed, or an earthen canal is lined with cement or converted to pipe.
Climate and land use change, drought, and increased competition for water mean that new and changing policies for water conservation are likely in the near future. As water supplies constrict, trade-offs will arise in water use for agriculture, wildlife and natural vegetation, diverse land uses, fire hazard reduction, and even quality of life. In this context, understanding landowner water use and decision making will help anticipate the impact of changes in water availability and how they will feed back to foothill habitat (Welsh et al. 2013 ).
We report results of a mail survey exploring the potential consequences of water conservation policy on water use and ecosystem services. Landowners and managers of properties within the Sierran foothills distribution of the Black Rail were surveyed to understand their attitudes toward water resource policy, education, and management, and to anticipate the likely impacts of change to the social-ecological system that provides habitat for the Black Rail. In addition to standard demographic questions, respondents were asked about their water sources and uses, and what they would do if water availability or price changed. Although most respondents purchased water from one of the two main irrigation districts serving the study area, 11 different districts were used.
Fig. 2.
Shallow wetlands caused by runoff and leaks from pastures, pipes, or canals. In these habitats, the water is flowing and not static and may feed pastures, springs, and wetlands lower down.
Ecology and Society 22(2): 12 https://www.ecologyandsociety.org/vol22/iss2/art12/ STUDY AREA The study area is the 1295 km² known distribution of the Black Rail in the Sierra Nevada foothills (Richmond et al. 2008 (Richmond et al. , 2010 . The area ranges in elevation from 15 to 936 meters above sea level. Black Rail habitat is located in the rolling oak woodlands stretching north to south below the forests of the Sierra's higher elevations and above the floodplain of California's Central Valley below (Fig. 1) . The area has a Mediterranean climate, with hot, dry summers and cool, wet winters, and an average annual precipitation of approximately 60 cm, 90% of which falls between October and March (Lewis et al. 2000) . Much of the water for the state's agriculture and nearly 39 million residents flows through the foothills, both above and below ground (O'Geen et al. 2010) . Frequent droughts and the summer dry periods result in high wildfire risk, especially in brushy or wooded areas.
Because of the varied terrain, lack of summer rain, and mostly rocky and shallow soils, extensive livestock ranching emerged historically as the most viable form of agriculture. Many ranchers have come to rely on irrigated pastures and stockponds to supplement the summe's dry, annual grasslands.
The logging and grazing economies that were once predominant have been overshadowed in recent decades by increasing residential and urban development, including low-density sprawl that radiates out of small urban centers like Marysville, Grass Valley, and Nevada City, and largely consists of homes for retirees and telecommuters from Sacramento and the San Francisco Bay Area (Walker et al. 2003) . The central Sierran foothills have frequently been described as an epicenter of urban out-migration and expansion in California (US EPA 2009 , CAL FIRE 2010 , reducing and altering habitat for Black Rail and other native wildlife. Popular are "ranchettes" or homes on a hectare or more where people can keep horses or small stock, or simply enjoy the amenities of a rural lifestyle. Some wine grape production has worked its way into the hills in the last decade or so. The mix of older production-oriented land uses with recent urban flight and telecommuting has led to a diversity of goals, sources of economic support, and land uses within foothill communities. Water uses have also changed and diversified.
Most of the study area is serviced by hundreds of miles of irrigation infrastructure belonging to two irrigation districts: the Nevada Irrigation District (NID) and the Browns Valley Irrigation District (BVID; Fig. 1 ). They deliver mostly raw (untreated and nonpotable) water as a diversion of flow from the district canal or pipe (Fig. 3) . A water purchaser pays for water based on flow rate. The flow rate is determined by the size of the (adjustable) aperture; a larger aperture, which allows a larger flow of water, costs more than a small aperture. Flow is purchased for the full length of the irrigation season (April to October) and fees are not dependent on the amount of water actually used. If the water purchaser closes the outlet from the canal or pipeline, the water bypasses the property. If water flow is reduced at the top of the canal, or if residents earlier in the canal use more water than usual, those at the lower reaches may not get their expected flow. In both cases, the fee for the season does not change.
A few larger properties continue to purchase water that was allocated when the irrigation districts were established around the turn of the 20th century, but the vast majority of accounts were started in recent decades. During the drought of 1976-1977, BVID had roughly 30 customers. Now, less than 40 years later, the District's customer base has ballooned to over 1500. The ability of NID and BVID to deliver water is limited by the amount of water that can physically flow through the ditches; as a result, there is a waiting list for new irrigation water allocations.
Historically, customers who reduced or stopped the purchase of irrigation water often lost their water allocation, as the allocation was shifted to those on the waiting list. Under California Water Code Section 1240, water users are required to put the water to "beneficial use" to maintain their allocation. Beneficial use may include agricultural, environmental, industrial, or residential uses as defined in a particular water right. The specifics vary by location and situation, and thus the definition of beneficial use remains to some degree open to interpretation. Landowners in general are well aware that irrigation water increases real estate values, and want to show that they are using their water. 
METHODS
In 2013, 18 residents and 2 irrigation district managers in the study area were interviewed to develop a mail survey. Using a snowball sampling design, initial interview contacts were recommended by local University of California Cooperative Extension staff and the California Rangeland Conservation Coalition. The mail survey was developed, pretested, and administered in 2013-2014 (Appendix I).
Within the study area, landowners from each county assessor's office were filtered to those with ≥ 1.2 ha using ArcGIS 9.0. Properties of less than 1.2 ha were not included because they do not usually have suitable habitat. A stratified random sampling scheme was used to obtain a representative sample of landowners. Four property size strata, each with a known sampling intensity, were used to adjust for the extreme difference in the number of small versus large properties. Strata were originally selected using the American system of measurement (acres), but results are presented in metric units. Strata size was based on those used in Ecology and Society 22(2): 12 https://www.ecologyandsociety.org/vol22/iss2/art12/ other studies to facilitate comparisons (Ferranto et al. 2011) . The four property size categories were 1.2 ha to < 4 ha (property size category 1); 4 ha to < 20 ha (property size category 2); 20 ha to < 81 ha (property size category 3); and > 81 ha (property size category 4). To characterize the inferred study area population, the data was weighted to match the property size distribution within the study area (Holt and Smith 1979, Atlas 2015) . As a result, results from the sample can be considered representative of the study area's private properties greater than 1.2 ha, and results are analyzed with inferential statistics and discussed accordingly.
The survey instrument was designed and administered using the Dillman Tailored Design Method with a multiwave technique that included a cash incentive of a two-dollar bill in the first mailing and an online option (Dillman 1978 , Dillman et al. 2009 ). The first mailing was sent out in the fall of 2013, in the second consecutive year of drought in California. A little over 55%, 407 of the 734 questionnaires sent to valid addresses were filled out and returned. Only 9 used the online option. After unusable and duplicate surveys were removed, a sample of 381 respondents or 52% of total valid addresses remained. The property sizes of respondents ranged from 1.2 to 3238 ha with a total property area of 8387 ha. Not all respondents answered every question, so number of responses varies by question. Because most variables were ordinal or categorical, the Chi-square (X²) test was used to analyze the majority of the data, while a z-test was used for column proportions for tables with more than two rows. The Student's Ttest was used for continuous variables. All statistical analyses were performed using the SPSS v22.0 software package. Differences at the P < 0.05 level were considered significant, though p-values for all those of P < 0.1 are reported.
Appendix 1 is a full copy of the survey, although only selected questions were used for this paper. Question numbers are provided when discussing responses. Likert scale, yes and no, continuous response, and open-ended questions were asked, as were willingness to pay (Q17; how much of an increase in water price can you pay?) and willingness to accept questions (Q18; how much would you accept, and from whom, to create a wetland?). For two of the questions, about water restrictions and price hikes, each copy of the survey presented one of three water price increases as a type of choice experiment: 100%, 50%, and 20%, asking what water use actions they would take in response to a price hike for irrigation water (Q16). The same approach was used with water cutbacks, asking what they would do in response to losing 100%, 50%, or 20% of their water from all sources (Q19). Thus, one of three possible levels of cutback or price increase was presented to each respondent, randomly selected. Respondents were also asked what they did in response to cutbacks of any kind during the 2008 drought (Q15). Other survey topics used in this paper include land use and management, water use, reasons for using water, water sources, reasons for owning the land, attitudes toward and management of wetlands, and respondent demographics.
RESULTS
Results are representative of the entire study area, the known distribution of the California Black Rail in the foothills, for private properties of over 1.2 ha.
Landowner characteristics
Responses to questions about demographics (Q42-50) showed that landowners and managers from all walks of life responded to the survey, including those using their land purely for amenity or investment purposes. Landowners were 64% male, 82% were married or living with a partner, and 87% had a household income of less than $150,000 annually, with 12% earning less than $30,000. Their mean age was 62 years, similar to that found in other California surveys of rangeland landowners (Huntsinger et al. 2010 , Ferranto et al. 2011 . Properties had been owned for an average of 18 years. Approximately 79% of owners lived on the property all year, while 14% said they did not live on the property at all, and 7% lived there for part of the year.
The most common occupation reported was "retired," making up more than one-third of the population (Table 1 ; Q47). Some landowners who farm crops or own livestock did not identify themselves as farmers or ranchers, instead listing "retired," "selfemployed," or another choice as their primary occupation. Because irrigation is typically associated with pastures for livestock or with farming, categories based on questions about water use, "uses water for livestock" and "uses water for crops," are included in Table 1 ( Q5) . About half of the study area was owned by those using water for livestock (Table 1) . Although only 11% of properties were greater than 20 ha, altogether they represented 67% of the land.
About half, 52%, of households had not purchased water within the two years previous to the study (2011-2013; Q11; Table 1 ). Of those purchasing water, 49% purchased from NID, 40% purchased from BVID, and one purchased from both. Landowners also purchased from eight other districts in the area, with no more than 3% purchasing from any one of the other districts. Purchasers of water from a district were demographically similar to those not purchasing water. There was no difference in gender, marital/partnership status, or absentee ownership. Those purchasing irrigation district water, however, were on average a bit older, had owned their properties longer, had larger properties (approximately 77% of study area in aggregate; Table 1 ), and earned more of their household income from their property ( Table  2) . Farmers and ranchers, and those using water for crops and livestock, were the most likely to purchase water (Q11, Q42-50; Table 1 ).
Sources of water for common uses
Study area landowners most often used water for fire hazard management and gardens (Q5; Fig. 4 ). Well-water was used by the most landowners for fire hazard management, gardens, and watering livestock; irrigation district water was the predominant water source for irrigating pasture, filling ponds, improving wildlife habitat by supporting green vegetation, and growing crops. The amount of water used for each purpose is not known.
Black Rail habitat is most often found on properties with water features associated with an irrigation district allocation. Pipes, crops, troughs, ponds, and irrigated pastures were the most common water-related features on properties in the study area, followed by canals and ditches, shallow wetlands, and springs (Q8). As expected, landowners with water features were more likely to purchase water (Table 3) , although a substantial proportion of nonwater purchasers also reported similar features. Fig. 4 . Proportion of landowners using each water source for common water uses in the study area, 2013 (n = 381; properties ≥ 1.2 ha). This is not a measure of the amount of water used because water for irrigated pasture, for example, is no doubt used in far larger amounts per landowner than water for watering livestock (Q5).
Ponds
More than 33% of the properties within the distribution of Black Rails (the study area) had ponds, and over 80% of these landowners purchase water (Q6; Table 3 ). Ponds were generally created or enhanced by landowners. The most frequent reasons given for having a pond were for aesthetic reasons and to benefit wildlife. Bird-watching, fighting fire, maintaining property values, watering stock, and fishing were also important to many landowners (Fig.   5 ). For some, saving water was important because ponds can be used to store unused flow from water allocations for use after the irrigation season or when canal flows are low. Interviewees also pointed out that home insurance policies may include a discount for having a pond for firefighting.
Fig. 5.
Reasons given for having a pond, asked of respondents who reported that they had a pond, 2013 (n = 171; properties ≥ 1.2 ha; Q6).
Wetlands
Images of shallow wetlands of the type used by Black Rails were provided in the survey, and nearly one-third of landowners, 32%, reported having them (Q20-Q26; Table 3 ). Of those with shallow hillside wetlands on their property, 72% did not drain or dry them, or fix the leaks and runoff that caused them. The main reason given was to benefit wildlife. Other reasons were because they benefit birds, do not cause problems, have aesthetic value, and provide livestock forage (Fig. 6 ). On the other hand, wetlands may be seen as a sign of overwatering or leaks. Wetlands may be dried when water is recycled, leaks are fixed, or the water is diverted for use elsewhere. Small wetlands may also dry when more efficient irrigation methods are used. Thus "saving water" was the main reason given for draining or drying wetlands. Other common reasons to drain or eliminate wetlands were to better use the property for unspecified purposes, and to control mosquitos (Fig.  6 ).
Water use decisions
Landowners were asked what influenced their water use decisions (Q4). Decisions were influenced most by the goals of saving water, enjoying the property, wildfire danger, maintaining or increasing property values, and retaining their water allocation, as well as by the water price (Fig. 7) . Creating or maintaining wildlife habitat was not an option included in this question.
Fig. 6.
Reasons given by respondents for why they do and do not drain wetlands, for those who have shallow hillside wetlands, categories not mutually exclusive. Of the 32% of respondents having such wetlands, 72% do not drain or manipulate them (n = 381; properties ≥ 1.2 ha; Q20-26).
Impacts of irrigation district cutbacks
Irrigation district purchasers experiencing water cutbacks in 2008 were asked about their adaptation strategy (Q15) (n = 92). Almost all reported having taken some action (Fig. 8) . Reducing water use for irrigated pastures, substituting well water for irrigation district water, and reduced area of gardens and crops were the most common actions taken. Approximately 10% repaired leaks in ditches, pipes, dams, or ponds. Few indicated they were able to find other grazing land or purchase water from other sources. All
landowners were asked what they would do if their water supply, regardless of source, was reduced in the future (Q19; n = 334). The most common responses were to reduce crop and irrigated pasture area, and to use less water on irrigated pasture. The owners of approximately 5% of the study area said they would have to sell their land. An average of 75% of landowners said they would need to take adaptive action in response to price increases: approximately 31% would reduce water to pastures; 20% would reduce pasture area; https://www.ecologyandsociety.org/vol22/iss2/art12/ 29% would substitute with well-water; 8% would repair leaks; and 0.5% would purchase water from other sources (Q16; n = 183).
Although there was no significant difference among responses to the three stated price increases in terms of water use, the amount of water purchased was sensitive to price. As water prices increased by 20%, 50%, or 100%, the proportion of respondents saying they would reduce water purchased was approximately 16%, 41%, and 51%, respectively (P < 0.001, X², n = 381)
.
In an open-ended question, those who used irrigation district water were asked how much water prices would have to increase before they changed their water use (Q17). The mean was a 25% price increase, with responses ranging from an increase of 1% to 200% (sd = 30; n = 113). Nearly 20% said they could not adapt to this increase, while those able to adapt reported that they would reduce water going to pastures, house landscaping, and ponds (Q18; Fig.  9 ). 
Dependence on water
The vast majority of owners were concerned about having enough water, and believed that it was important to their ability to use their property (Q3; Table 4 ). Comparing those who do and do not purchase water, those who purchase irrigation district water were more likely to agree they had enough water but were more apprehensive about being able to adapt to water reductions than those not purchasing water, and were more concerned about the impact of drought on their ability to make a living (Table 4) .
DISCUSSION
The landowners and managers in this study are similar to those in other studies of California hardwood rangeland owners and managers (Huntsinger et al. 2010 , Oviedo et al. 2012 , Ferranto et al. 2011 . They value the diverse ecosystem services produced on their properties, and they use water to enhance many of these services. The landscape is increasingly postproductivist and most do not make the majority of their income from their land (Huntsinger et al. 2010 ). More than a third are retired. The ranchers and farmers in the area continue their production activities in a matrix of smaller properties owned by relative "newcomers" with different goals for their properties. Because survey responses are extrapolated to the study area as a whole for private properties greater than 1.2 ha, we know that irrigation district users and livestock owners together control the vast majority of the private land and Black Rail habitat in the study area. Irrigation district customers made up less than half of landowners but owned 75% of the total land in the study area. Those with livestock, many of whom are also irrigation district purchasers, owned about 50% of the study area, and were more likely to use irrigation in a way that created wildlife habitat than were those without stock. Policies that influence agricultural uses of land and availability of irrigation district water will therefore have a very strong influence on Black Rails and other wetlanddependent species within the foothill habitat distribution of the Black Rail.
The untreated water sold by irrigation districts serves many purposes beyond commercial agriculture. The single most common motivator of water use by landowners was to mitigate wildfire risk by maintaining green vegetation through the dry season-part of "defensible space"-and by creating ponds that could be used to fight fires. Landowners also commonly used District water to enhance enjoyment of their property for recreation and aesthetics, using it for landscaping, gardening, attracting wildlife, raising horses, swimming, and so forth. Irrigation district infrastructure itself provides cultural ecosystem services for residents. A coalition called "Save Our Historic Canals" is active in the study area and works to reduce the ongoing piping and lining of canals. Residents prefer the old earthen canals to pipes or concrete canals because they provide valued aesthetic and ecological services: flowing water and greenery along the canal, and wildlife habitat and potential fire breaks from seeps downhill of the canal.
Both wetland-dependent wildlife and landowner activities are buffered from fluctuations in rainfall and snowpack by irrigation districts. In the third year of severe drought the overwhelming majority of water purchasers responded that they still had plenty of water for their property. At the same time, their dependence on activities supported by abundant water caused them to fear water reductions or water price increases, as was also found by Welsh et al. (2013) . A waiting list for new water allocation maintains pressure on current allocation holders to keep what they have, whether they need it or not. Allocations can be reappropriated by the irrigation district if the landowner is found to be either wasting water or failing to put their allocation to "beneficial use," encouraging landowners to find diverse uses for water. The situation is summed up in this comment from a survey: "I've always purchased twice as much water as I need... my insurance policy. If things got really bad, I'd change my pump to half its capacity and be just fine."
On the other hand, users are pushed to conserve water by political and economic forces, including the Governor's mandate to reduce water use by 20%, rising prices, and a sense of social responsibility as the impacts of the drought fill the media. The fact that 80% of California's water use is consumed by agriculture is poorly understood by urban populations and often blamed for water shortages. Overall, findings suggest that many landowners are inclined to implement water conservation efforts in response to drought and social pressure, but that cutting back water use also reduces benefits they enjoy from their land.
Conservation of water versus wildlife
Research has shown that Black Rails in the Sierra foothills primarily occupy wetlands that receive water, intentionally or not, supplied by irrigation district infrastructure (Richmond et al. 2010 ). It is not clear if these irrigated wetlands are replacing other wetlands that have been lost, or if they are a novel resource that has allowed Black Rails to expand their range. In either case, a reduction in the amount of water applied to the landscape translates to a loss of habitat, a direct conflict between conservation of water and conservation of a threatened species. How the water is conserved makes a difference, however, because not all water use in the study area contributes to the wetlands used by Black Rails. Understanding the hydrological effects of specific water conservation efforts will be important for designing water policy that does not negatively impact Black Rails and other wildlife.
Water use restrictions such as those instituted by Governor Brown in 2015 affect how landowners apply water to their properties. The most common responses chosen to a hypothetical cutback in irrigation district water were to reduce the area of, or water applied to, irrigated pastures and crops, which in turn will reduce the leaks and tailwater feeding small wetlands. Landowner water management affects wetlands more directly as well. Saving water was the major motivation landowners reported for stopping leaks and drying shallow wetlands, while encouraging wildlife was the main reason given for keeping wetlands (Fig. 6 ). This vividly illustrates the trade-offs between wetland wildlife and irrigation water conservation, and between water-supported ecosystem services valued by landowners and the State's goal of reducing water use. Some landowners commented that if they reduced water use, wildlife would be harmed. This was exemplified by statements such as the "pond would suffer I suppose -it supports a lot of wildlife so I would hate any change there." Further, there was recognition of the connection between shallow wetlands and wildlife, with a respondent commenting that "wildlife need their puddles and streams."
A reduction in irrigation district water, due either to severe drought or to conservation policy, might cause landowners to Ecology and Society 22(2): 12 https://www.ecologyandsociety.org/vol22/iss2/art12/ shift to well-water, as 50% of landowners did in the 2008 cutbacks. Groundwater use has only very recently begun to be regulated in California and the effects are not yet clear (Bates 2012) . Both BVID and NID, like many other irrigation districts, capture snowmelt and winter rains in reservoirs for summer use. If landowners were to switch from irrigation district water to groundwater, not only would pumping of groundwater increase, but groundwater recharge from irrigation water would decrease. In addition, most of the study area has a fractured hard-rock aquifer, meaning that groundwater supplies are highly localized and labile. Therefore, aquifers are usually small and need continuous recharge, and neighboring wells may compete for water. Half of all wells in this type of geology yield only enough water for individual domestic purposes (CDWR 2011). In addition, the costs of electricity for pumping typically prohibits using well water for large-scale agriculture in the foothills.
Water transfers may set off a drying cycle
Irrigation districts in the study area are constrained by laws requiring that water fees only reflect the cost of storing and delivering water, including status quo maintenance. Fees cannot be raised to fund contingencies or material upgrades in infrastructure. As a result, irrigation districts are forced to find the necessary capital for infrastructural improvements elsewhere. The two most common funding sources are local bonds and "water transfers," the one-time sale of large volumes of "excess" water to other irrigation districts or to municipalities outside the district, most often at a higher price than can be charged within the district. Improving water delivery efficiency by reducing leakage may free up more water for transfers, providing a monetary incentive for local districts to tighten the infrastructure transporting water to local customers.
If infrastructure is made more efficient by piping, lining canals or fixing leaks, then more water is available for new residential developments, as well as for water transfers. Transfer sales can then fund efficiency improvements to water delivery infrastructure, further reducing water leaking to the local ecosystem. This local dewatering is an unintended consequence of water conservation efforts, which place even further pressure on the already drought-stressed landscape and the wildlife species that rely on the ponds and wetlands created by "leaky" water infrastructure. The predictions of more climate-induced droughts will exacerbate this aridifying feedback loop, creating more incentives to conserve water and reducing wildlife habitat.
Speculation on solutions
We argue that using water to maintain vital habitat should not be considered "waste" at district or landowner levels. However, some ponds and wetlands may provide more valuable habitats than others. Some wetlands could be allowed to dry during drought and then could be restored afterwards in an adaptive management strategy (Downard et al. 2014) . Inventory and monitoring could be used to select the high priority habitats that should be maintained through droughts.
Irrigation districts, landowners, and property managers need outreach, education, incentives, and innovative programs to protect wildlife habitat while reducing water use. Existing sources of incentives funding for landowners could be tapped. For example, the Environmental Quality Incentives Program (EQIP) is a federal program that provides cost share to landowners carrying out environmentally positive improvements, such as maintaining stockponds valuable to endangered amphibians (USDA NRCS CA 2016). The landowner agrees to carry out maintenance activities in ways that protect the animals. EQIP money could be used to efficiently channel irrigation and pasture runoff into wetlands that can support Black Rails. As another example, land developers are often required by local governments to provide funding for conservation mitigation before they can implement a project such as a residential development, an ongoing activity in the study area. Such funding could be targeted at maintaining wetlands and encouraging wildlife-friendly water management.
According to irrigation district employees interviewed in this study, the districts do not currently survey for wetlands used by Black Rails prior to fixing a seep or leak. Such activity is considered routine maintenance and has a categorical exemption from the California Environmental Quality Act, which would otherwise require monitoring for potential negative impacts. This practice seems to apply to infrastructural improvements, such as lining or piping canals, as well, meaning that Black Rails and other wildlife are effectively invisible when it comes to managing anthropogenic wetlands. Barring an unforeseen legal challenge, this situation is likely to continue as irrigation districts increasingly replace earthen canals with more "efficient" infrastructure in an effort to conserve water.
CONCLUSIONS
The wetlands created by irrigating pastures and filling ponds are a form of ecosystem engineering created for animal husbandry or landowner enjoyment that also provides habitat for wildlife (Jones et al. 1994, Huntsinger and Oviedo 2014) . As water becomes decreasingly plentiful in California, the conservation challenge ahead is balancing one good (water conservation) with another (habitat conservation). Unfortunately, at the present time water conservation has more political pressure behind it than protection of our considerable and increasingly important anthropogenic wildlife habitat. Heavy-handed state intervention to conserve water is likely to create a multitude of unintended consequences, including a loss of biodiversity and environmental quality.
New regulations on how irrigation districts transport and allocate water within and beyond their jurisdictions may substantially reshape the nexus through which water-based ecosystem services are provided. Governor Brown's Executive Order of 1 April 2015, requires that agricultural water users report more information on water use to state regulators, increasing the state's ability to enforce against illegal diversions, waste, and unreasonable use of water. Further, the order simplifies the review and approval process for voluntary water transfers, and incentivizes the development of new technology to make California more water efficient (State of California 2015). These policies will likely accelerate the lining and piping of earthen canals that currently sustain green vegetation through the summer, recharge groundwater, and create small wetlands through seepage. Although wetland areas enjoy some environmental protections, many of the small wetlands used by Black Rails are too small or shallow to be recognized by most people as wetlands. They are not only incidentally created, they are, for policy and regulatory Ecology and Society 22(2): 12 https://www.ecologyandsociety.org/vol22/iss2/art12/ purposes, largely ignored (Hruska et al. 2015) . In fact, during the course of this study a leak was fixed on public land used as a wildlife reserve, eliminating known Black Rail habitat.
Absent policy and programs that regulate or incentivize irrigation district protection of the small wetland habitats produced by seeps and leaks, the fate of many small wetlands will depend on the decisions of individual landowners about how to manage water. Irrigation in the foothills provides many "nonmarket" ecosystem services that are rarely accounted for in assessments of irrigation systems (Bakker and Matsuno 2001) but nonetheless have a strong influence on water use decisions by landowners. For example, many survey respondents purchase irrigation district water despite making little or no money from the uses of that water. Landowners grow home gardens, raise horses or other stock for pleasure and/or meat for the household, create ponds for recreation and visual appeal, and maintain green vegetation through the dry summer to reduce wildfire risk. These uses of water, which are part of the appeal of rural living for many survey respondents, contribute to the anthropogenic landscape that supports Black Rails. They are also "nonproductive" uses whose value to the local environment or residents may not be recognized by state regulators or growing cities on the coast looking to increase their water supply.
Water conservation policy requiring blanket use reductions does not fit well with the limitations of foothills irrigation district infrastructure or allocation policies. Landowners are leery of giving up part or all of their allocations during a drought in case they cannot get it back, and irrigation districts have a difficult time knowing how to regulate flow in infrastructure systems that operate only when full. In both 2014 and 2015, NID offered customers the option of declining water for the year, while retaining the right to purchase the full allocation of water in the future. This policy, and more intensive monitoring of flows out of district reservoirs, has proven an important source of conservation for irrigation districts during the drought.
Though it may be necessary to conserve water during drought, permanent dewatering undermines the social-ecological system that provides wetland habitat. These wetlands must somehow be made visible to irrigation districts and state regulators if they are to be protected during water conservation efforts. Landowners largely appreciate wildlife and the green vegetation of small anthropogenic wetlands, but are not currently incentivized to maintain them if price increases or water cutbacks loom.
Current and future demand for water, and conflicts over how it should be allocated, creates pressure on irrigation districts to increase the efficiency of water delivery systems, and on landowners to reduce their use of water. Droughts are likely to make water conservation more necessary, and urban growth increases demand for water locally, as well as for lucrative water transfers. The unintended consequence is a loss of wetlands important to the California Black Rail, and, in the opinion of many residents, an increase in fire hazard as greenery supported by leaky canals and runoff, as well as by deliberate application by residents, dries and the climate continues to change.
Policy and governance frameworks for future water conservation should include recognizing that providing wildlife habitat is an important, beneficial use of water, and prioritizing habitat areas to maintain in times of drought. A large portion of Black Rail habitat results from the intersection of plentiful water, a particular form of agriculture, a historical event-in this case the Gold Rush -and the needs of a threatened bird. This history should be recognized and leveraged rather than ignored in a rush to "save" water by unraveling the social-ecological system that created this landscape. 
Responses to this


The following questions are about wetlands like those pictured below, and in color on the back cover. These exist because of the unique way that water is transported in Yuba, Butte, and Nevada Counties, and we would like to understand how they are managed. Please look at the photograph below (also found in color on the back of this booklet). These are also only a few inches deep at most, and some of the water is moving. We call these "shallow level wetlands" (Wetland Type B). Please answer the following questions for these kinds of wetlands: 27. Please indicate how much you agree or disagree with the following statements about small shallow wetlands and their use by livestock, mosquitos, and wildlife (circle one number for each, with 1 for "strongly disagree" and 5 for "strongly agree").
(please circle one number for each line)
